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Abstract
Background
Acute gastrointestinal illness (AGI) incidence and per-capita healthcare expenditures are
higher in some Inuit communities as compared to elsewhere in Canada. Consequently,
there is a demand for strategies that will reduce the individual-level costs of AGI; this will
require a comprehensive understanding of the economic costs of AGI. However, given Inuit
communities’ unique cultural, economic, and geographic contexts, there is a knowledge gap
regarding the context-specific indirect costs of AGI borne by Inuit community members. This
study aimed to identify the major indirect costs of AGI, and explore factors associated with
these indirect costs, in the Inuit community of Rigolet, Canada, in order to develop a case-
based context-specific study framework that can be used to evaluate these costs.
Methods
A mixed methods study design and community-based methods were used. Qualitative in-
depth, group, and case interviews were analyzed using thematic analysis to identify and
describe indirect costs of AGI specific to Rigolet. Data from two quantitative cross-sectional
retrospective surveys were analyzed using univariable regression models to examine poten-
tial associations between predictor variables and the indirect costs.
Results/Significance
The most notable indirect costs of AGI that should be incorporated into cost-of-illness evalu-
ations were the tangible costs related to missing paid employment and subsistence activi-
ties, as well as the intangible costs associated with missing community and cultural events.
Seasonal cost variations should also be considered. This study was intended to inform cost-
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of-illness studies conducted in Rigolet and other similar research settings. These results
contribute to a better understanding of the economic impacts of AGI on Rigolet residents,
which could be used to help identify priority areas and resource allocation for public health
policies and programs.
Introduction
Acute gastrointestinal illness (AGI), defined as diarrhea or vomiting not due to a chronic con-
dition, pregnancy, or alcohol/drug use [1], is a leading contributor to the disease burden [2,3]
and economic costs of illness in many countries [4–6]. Multiple studies have therefore investi-
gated the incidence and burden of AGI in developed countries to inform public health deci-
sion-making with respect to improving health outcomes, increasing quality of life, and
reducing healthcare costs for both individuals and governments [1,3,7,8]. These studies report
that although the clinical course of AGI in developed countries is characteristically mild, the
large incidence of disease results in substantial morbidity-associated costs; the estimated per-
capita annual cost of gastroenteritis converted to 2016 USD was up to USD$174 in the United
States in 2013 [9,10] and USD$115 in Canada in 2001 [11]. Given these substantial costs, cost-
of-illness studies are emerging as crucial tools in understanding the impact of illnesses on soci-
ety in order to inform public health policy development, prioritization, and decision-making
(S1 Table) [12].
Cost-of-illness estimates are typically calculated based on the estimated annual number of
cases and a unit cost per case [5,6,12]. This unit cost commonly includes direct medical costs,
which are derived on the basis of healthcare usage and include the costs of resources consumed
in providing care, and indirect lost productivity costs, which are calculated using the average
number of missed days of employment and the average wage rate [11–13]. Direct non-medical
costs, which include costs associated with transportation to the medical facility and household
expenditures related to the illness, are occasionally incorporated into the unit cost [2,4,12,14].
Although these methods provide a broad estimate of the economic costs of illnesses, they over-
look many indirect costs that vary substantially between populations due to socio-demo-
graphic, cultural, geographic, and lifestyle differences [5,11]. While some studies are beginning
to incorporate quality of life measures into comprehensive cost assessments, the majority of
cost-of-illness studies that include the indirect costs of AGI account only for missed paid
employment and not for other indirect costs such as those associated with reduced quality of
life, time away from other unpaid duties including housework and childcare, and reduced
food security [12,15]. These under-researched indirect costs have substantial effects on indi-
vidual quality of life and can further exacerbate physical health outcomes [16]. Consequently,
the current approaches used to evaluate costs of illness often do not capture the broader
impacts of AGI on individuals [11,15]. To address this limitation, researchers have suggested
that case-based studies should be employed to provide detailed information on the costs of ill-
nesses, both direct and indirect, in specific settings based on micro-level economic situations
[5,11,15,17].
Researchers have noted that case-based studies are particularly important when working
with populations that operate within a setting-specific economy that varies substantially from
the general economy [5,11,15,17]. For instance, the mixed subsistence-based economy charac-
teristic of many rural Indigenous populations, in which households rely on a combination of
wage labour and the subsistence outputs of hunting, fishing, trapping, and gathering,
Indirect costs associated with acute gastrointestinal illness in an Inuit community
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combined with the geographic and cultural differences from non-Indigenous communities,
creates a need for case-based studies to gain an accurate understanding of the costs of illness
within these communities [14,18–20].
Inuit, one of the three constitutionally recognized Aboriginal groups in Canada [21], typi-
cally operate within a mixed subsistence-based economy; missing both paid employment and
subsistence activities due to illness can therefore have negative individual- and household-level
economic impacts [20]. Furthermore, some Inuit populations have a higher burden of disease
compared to other populations, in part due to the persisting disparities in the social determi-
nants of health such as income, education, and food security, which are interwoven with the
legacy and ongoing experience of colonization and discrimination [18,19,22,23]. Low health-
care accessibility and availability in remote Inuit communities further exacerbate existing
health disparities [18,19,24]. Furthermore, due to their intimate relationships with the natural
environment and their reliance on, and love for land-based subsistence activities, Inuit popula-
tions bear an unequal burden of the physical and mental climate-health impacts [25,26], which
include disproportionate rates of AGI [1]. A recent study reported that the annual incidence of
AGI in two Inuit communities varied from 2.9 to 3.9 cases per person-year [1], whereas studies
conducted elsewhere in Canada reported rates between 1.2 and 1.3 cases per person-year
[3,8,11]. Lastly, the limited local healthcare provision, geographic remoteness, small popula-
tion sizes, and expensive travel costs to access medical treatments typical of most Inuit com-
munities render the healthcare costs in these communities some of the most expensive in
world, which could contribute to a further increased AGI cost burden [14,27,28].
These differences in economic systems, social determinants of health, AGI incidence, and
healthcare costs in Inuit communities as compared to other Canadian communities could sub-
stantially influence the costs of illnesses, including direct monetary costs and impacts on qual-
ity of life. However, many of the context-specific costs of AGI remain unaccounted for given
that most cost-of-illness studies conducted in Inuit communities are based on models devel-
oped for non-Inuit communities [20]. These unaccounted variations are especially relevant for
public health officials who rely on these estimates when making evidence-based decisions
[11,20,24]. Thus, community-level case studies that gather context-specific social and eco-
nomic information in Inuit communities are needed to provide a comprehensive understand-
ing of the costs of illness particular to these settings [14,20]. Reflecting these research needs,
this exploratory study aimed to identify and characterize community-level indirect costs of
AGI, and explore factors associated with these indirect costs, that should be included in com-
prehensive cost-of-illness studies in the Inuit community of Rigolet, Canada. A mixed-meth-
ods study design was used, and consisted of qualitative research to identify and characterize
indirect costs of AGI, and quantitative research to explore how often these indirect costs were
incurred at a population-level. The study intended to inform the development of a case-based
context-specific study framework that is meaningful to both Indigenous and non-Indigenous
policy-makers, and could be used to evaluate indirect costs of AGI in Rigolet and adapted for
other Inuit communities and self-limiting illnesses.
Methods
Study location
Inuit live primarily within four settled Inuit land claim regions in northern Canada: Inuvialuit
Settlement Region, Nunavut, Nunavik, and Nunatsiavut. The Labrador Inuit Land Claim Set-
tlement Area, led by the Nunatsiavut Government (NG), is situated on the northeast coast of
Labrador and has a population of 2617 residents living among five communities: Rigolet,
Nain, Makkovik, Postville, and Hopedale [29]. This study took place in the community of
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Rigolet, which has a growing population of approximately 305 residents, 92% of whom identify
as Inuit [29]. Rigolet is a remote community and remains without external road access. Trans-
portation is therefore dependent on a commercial year-round plane service, a seasonal ferry
service, personal boating in the summer, and snowmobiling in the winter. A single retail store
stocks a variety of fresh and processed foods brought in by air or by water in the summer.
Rigolet Inuit have a deep connection to the natural environment and value their traditional
lifestyle that relies on the land and water surrounding the community (locally referred to as
“the land”) [25]. Spending time on the land while hunting, trapping, fishing, and gathering
foodstuffs is an integral part of the population’s livelihoods, lifestyle, well-being, and cultural
identity [25,27,30]. These activities have also been linked to reduced stress, increased produc-
tivity, and improved physical and mental well-being [25,30–32]. To participate in multi-day
trips on the land many residents have cabins on the land that can be accessed by boat in the
summer or snowmobile in the winter.
The provincial government, through the Labrador-Grenfell Health Authority, provides
Rigolet residents with primary healthcare, pharmaceutical medicines, and clinical mental
health services. Rigolet has a primary healthcare clinic staffed by two resident nurses and a vis-
iting physician approximately every six weeks. Residents requiring emergency care or special-
ized services must travel to a southern health centre, typically in Goose Bay, Labrador (1/2
hour flight) or St. John’s, Newfoundland (two flights; 1/2 hour and 1.5 hour). A previous study
conducted in Rigolet reported that 4.8% of survey respondents self-reporting AGI sought med-
ical care from a clinic or hospital; none of these participants required treatment from a south-
ern health centre [24]. Traditional Indigenous healthcare is not commonly used for AGI in
Rigolet; a previous study found that only 2.5% of surveyed Rigolet residents would use tradi-
tional Inuit medicine (e.g. teas, herbs) to treat AGI, and that none would consult a traditional
Inuit healer [30]. Medical services are financed by the Province of Newfoundland and Labra-
dor’s Medical Care Plan, as well as the Non-Insured Health Benefits (NIHB) Plan for Inuit
beneficiaries administered by NG. The NIHB Plan covers a range of prescription and over-
the-counter medications as well as the direct medical and non-medical costs incurred by indi-
viduals when travelling to a southern health centre for diagnosis or treatment. The NIHB Plan
does not cover any indirect costs of illness, such as extra food expenses, childcare costs, or lost
wages.
Community engagement
This study emerged from an ongoing partnership between university researchers and the com-
munity of Rigolet, the Rigolet Inuit Community Government, and the NG. In 2006, the com-
munity of Rigolet and Nunatsiavut health representatives identified water safety and
waterborne disease, including AGI, as regional climate-sensitive health priorities [27,33]. Since
then, our team of university and community researchers, and government and NGO partners
have worked together to investigate several community-identified dimensions of AGI, includ-
ing the burden of disease, healthcare use, and climatic variables associated with AGI occur-
rence [1,24,30,33].
Considering the unethical practices that have characterized some past research in Inuit
communities, our interdisciplinary team uses community-based and community-led partici-
patory research approaches, in which decision-making and ownership are shared with the
community, bi-directional knowledge sharing is promoted, and research findings are co-cre-
ated and disseminated in a relevant and beneficial manner [27,34–36]. Accordingly, this study
was co-designed by an interdisciplinary team of Inuit and non-Inuit researchers, government
representatives, and community leaders. The integration of community perspectives and Inuit
Indirect costs associated with acute gastrointestinal illness in an Inuit community
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knowledge was considered essential to the research process, and therefore ongoing active and
meaningful community involvement was emphasized at all stages of the research process.
The Tri-Council Policy Statement on the ethical conduct of research involving the First
Nations, Inuit, and Me´tis, was used as the ethics framework for this research [37]. In addition,
the principles of respect, reciprocity, relevance, and responsibility, which are central to con-
ducting research with Indigenous peoples [38], were also prioritized in this project, which
helped to establish positive, stable, and trusting relationships among the team [27,34–36].
Written informed consent was obtained from all interviewees and survey participants. Both
quantitative and qualitative protocols were approved by the NG Research Advisory Commit-
tee, a committee of NG representatives that consults communities throughout the research
approval process, and the Research Ethics Boards at the University of Guelph and McGill Uni-
versity. The Health Canada Research Ethics Board approved the use of the burden of illness
surveys. The study was also formally approved by the Rigolet Inuit Community Government.
Qualitative Data Collection & Analysis
The qualitative portion of this study drew from fifteen qualitative in-depth interviews, two
group interviews, and three key informant interviews conducted in Rigolet and Goose Bay in
July 2015, and nine AGI-case interviews conducted in Rigolet in November 2012 (Table 1). All
qualitative data were collected in-person alongside an Inuit research associate at a location
agreed upon by the interviewees. All interviews were conducted in English according to partic-
ipant preference. Interview guides were formally pre-tested by University of Guelph academics
and NG partners, and were adapted where needed. The Inuit community research associate
also piloted the interview guide in Rigolet with two community members. Locally-relevant
terms for AGI, including ‘bad stomach,’ ‘stomach bug,’ and ‘stomach illness,’ were used
throughout the interviews. Prompts were used if necessary to obtain additional information.
Community & group interviews. Interviewees included residents from diverse back-
grounds and positions within the Rigolet community. The community research associate used
maximum variation sampling, which involves purposefully choosing a wide range of partici-
pants to obtain a variation on dimensions of interest, in order to maximize the diversity of per-
spectives and to obtain a comprehensive understanding of the topic [39]; however,
participation was open to any interested individual in Rigolet. A combination of group and
individual interviews was used to capitalize on the strengths of both approaches. Group inter-
views account for the Indigenous way of knowing, which is linked to process of individuals
collectively constructing their understandings by experiencing their social being in relation to
others [40]. Additionally, intragroup interactions inherent in group interviews can stimulate
Table 1. Demographics of community in-depth, group, and AGI-case interviewees.
Gender n %
Female 21 65.6%
Male 11 34.4%
Age
0–20 2 6.2%
20–39 9 28.1%
40–59 15 46.9%
60+ 6 18.8%
Interviews with minors were conducted with their guardian as their proxy respondent; minors were present
throughout the interview.
https://doi.org/10.1371/journal.pone.0196990.t001
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participants to consider and reflect upon forgotten or unconsidered details that would other-
wise be overlooked [41]. However, individual perspectives may be silenced in group settings if
participants choose to conform to the popular opinion rather than state their own perspectives
[42,43]. In order to minimize this potential, the community research assistant carefully consid-
ered personalities and social factors, such as age, social status, and education level, when creat-
ing the groups to ensure that all participants would feel free to express their opinions and
perspectives [42–44]. Any prospective participant identified by the local Inuit research associ-
ate based on past research experience as particularly outspoken was interviewed individually.
Consequently, by creating open and comfortable group interview environments, we were able
to gain novel group insights which were subsequently complemented with individual perspec-
tives from individual interviews [41,45]. These interviews were collaboratively conducted by
the first author and Inuit research associate. Semi-structured interview guides [46] included
open-ended questions capturing data on community health-seeking behaviours and the
impacts of AGI on productivity, daily activities, mental well-being, and social welfare in order
to gain an understanding of all indirect costs of AGI incurred by residents (S1 File). Individual
interviews (n = 15) lasted a total of 311 minutes and group interviews (n = 8 interviewees)
lasted a total of 50 minutes.
AGI-case interviews. The study also used data from nine AGI-case interviews that were
conducted alongside the quantitative survey in Rigolet in November 2012 as part of another
study [30]; AGI-case interviewees were purposively selected from those self-reporting AGI
within the September 2012 quantitative survey (see Quantitative Data Collection & Analysis
below) in order to reflect the case attributes. These interviews were conducted by the last
author and captured information on the lived experience of AGI in Rigolet. None of these
AGI-case participants were re-interviewed in July 2015. AGI-case interviews (n = 9) lasted a
total of 325 minutes.
Key informant interviews. Key informants were purposively selected based on their job
description, invited via email for an interview, and interviewed in-person at each interviewee’s
office. Key informant interviews (n = 3) with NG employees in Goose Bay were conducted in
July 2015 and lasted a total of 90 minutes. Key informants were asked about a variety of com-
munity and governmental costs of AGI (S1 File).
Qualitative analysis. All interviews were audio recorded with consent, transcribed by the
first author, and manually reviewed for accuracy. A five-step comparative thematic analysis
approach was employed [47,48]. Steps included data familiarization, code identification,
theme identification by collating codes using concept maps and reflective memos, codebook
development and transcript coding, and code review to test the reliability of the analysis [47–
49]. Qualitative data analysis software (Atlas.ti, version 6) helped with data organization and
quotation retrieval, and to provide an analysis audit trail [48]. According to the principles of
community-based participatory research, the first author worked with the local Inuit research
associate to collaboratively identify relevant codes and themes. Additionally, member checking
was conducted, during which a list of preliminary findings and quotations were provided to
study participants to solicit feedback, and to ensure the accuracy, authenticity, and relevancy
of results to the research context.
Quantitative Data Collection & Analysis
Quantitative analyses were used to explore associations between predictor variables and indi-
rect costs to help contextualize the qualitative results at the population-level. Quantitative data
were collected from two retrospective cross-sectional burden of illness surveys conducted in
Rigolet in September 2012 and May 2013 as part of a larger burden of AGI study [1]. The
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survey design, sampling procedure, administration, and survey questionnaires are detailed
elsewhere [50]. The small population size of Rigolet rendered a census sample reasonable. In
September 2012, results from 226 of the 245 individuals within the community during the
study period were obtained, compared to 236 of the 249 individuals present in May 2013. The
AGI case definition used was vomiting and/or diarrhea in the past 14 days, not due to preg-
nancy, medication/alcohol/drug use, or diagnosed chronic conditions [1,51]. There were 30
self-reported cases of AGI in September 2012 and 32 self-reported cases in May 2013 [1].
Quantitative survey data were analyzed using Stata/IC 14.1 for Mac (StataCorp., USA)
using a significance level of α = 0.05. Data from participants responding ‘unsure’ or ‘refused to
answer’ were excluded from that question’s analysis (S2 Table). To identify factors potentially
associated with indirect costs of AGI, univariable unconditional logistic regression examined
potential associations between exposure and outcome variables. Following a mixed methods
approach [52], preliminary qualitative findings informed the development of the univariable
models: primary indirect costs and cost variables identified in qualitative interviews were used
in the models. Indirect costs captured by the survey and considered in the models included
missed subsistence activities (captured only for participants reporting AGI within the previous
two weeks), recent visits to the land or cabin (captured for all participants), money spent on
country food, money spent on store food, number of meals including country food, number of
meals including store food, overall life satisfaction, and sense of community belongingness.
Season and AGI status were also included in the models. Table 2 outlines the outcome and
exposure variables included in the quantitative analysis, as well as the justification for includ-
ing each variable. Univariable unconditional logistic regressions were used to analyze the effect
of each predictor variable on each indirect cost outcome. A random intercept was used to con-
trol for household-level clustering.
Results
As illustrated in Fig 1, the primary indirect cost contributors of AGI identified by interviewees
were indirect monetary costs attributed to missed paid employment, missed subsistence activi-
ties, and an altered diet; mental well-being costs; and social welfare costs (Fig 1; S3 Table). As
shown in the figure, these cost contributors were inter-related, meaning that one cost contrib-
utor often exacerbated others.
Indirect monetary costs: “The economic issue is big”
Missed paid employment: “They’ll have to go without pay”. Many interviewees
described missing work due to AGI, often resulting in economic consequences attributable to
lost wages: “Well, they [those with AGI] would definitely be missing work. Like, I wouldn’t want
to go to work sick like that.” As one young mother stated, “I have no doubt that a lot of people
miss a lot of work because of [AGI].” Interviewees described that economic losses may also
accrue if the working individual must stay home to care for a sick loved-one: “I mean especially
with younger kids, you would have to take care of them, you can’t leave them and go on, so you
would be stuck too.” As a whole, interviewees reported that costs associated with missing paid
employment due to AGI had “a huge impact on families.” This impact reportedly varied in
magnitude according to the individual’s job, given that in contrast to most government posi-
tions, many short-term and contract jobs in Rigolet did not provide sick leave coverage. Due
to the potentially substantial economic impacts associated with missing work, some interview-
ees reported working through AGI symptoms to avoid missing paid employment: “I don’t have
time to be sick anyways, I’ve been sick a few times in the winter but you don’t stop working or
nothing.”
Indirect costs associated with acute gastrointestinal illness in an Inuit community
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Missed subsistence activities: “The store is there but selection is limited, and so [subsis-
tence] activities are very important”. In addition to missing paid employment, most inter-
viewees and survey participants cited missing subsistence activities as a major economic cost
associated with AGI: 10.1% [4.8%-20.1%] of survey participants who had been sick with AGI
reported missing a planned subsistence trip due to the symptoms. Additionally, survey partici-
pants who had been sick with AGI were significantly less likely (OR = 0.46, p = 0.044) than
non-sick participants to have recently visited the land or cabin (Table 3). Interviewees
described the indispensable role of subsistence activities in food and economic security, as well
as physical and mental well-being, and overall quality of life. Consequently, many interviewees
reported attempting to “suffer” through the symptoms in order to minimize the number of
missed subsistence trips: “Most of the time people at least try to go out [even if they are ill].”
Missing subsistence trips due to illness also reportedly resulted in decreased food availabil-
ity for the individual and their household in both the short- and long-term, as it “could impact
what you have in your freezer for later on.” One key informant explained:
When it comes to fishing for salmon and char and things like that, that impacts not only
that period of time but throughout the winter as well because that’s the winter stores of
Table 2. Quantitative predictor and outcome variables used to analyze the indirect costs of acute gastrointestinal illness (AGI) in Rigolet, Nunatsiavut, Canada.
Cost category Indirect cost (description) Predictor: Justification Type
Missed
subsistence
activities
Missed subsistence activity (Whether the individual missed a
subsistence activity due to AGI in the previous 14 days)
Season: Interviewees stated that the season may influence the
likelihood of them suffering through their symptoms to go out
on the land.
Categorical/
dichotomous
Recent visit to the land or cabin (Whether the individual went
out on the land or visited a cabin in the last month)
Season: Participants may be more likely to visit the land or their
cabin during certain seasons given that country and retail food
availability vary seasonally [57].
AGI status: Interviewees stated that AGI would prevent some
individuals from participating in subsistence activities.
Categorical/
dichotomous
Altered diet Money spent on country food; Money spent on retail food
(Expenditures on country food or retail food over the last
week)
Number of meals including country food; Number of meals
including retail food (Frequency of consumption of country
food or retail food over the last month)
Season: Country and retail food availability vary seasonally,
meaning that participants may be more reliant on certain food
sources in different seasons [57].
AGI status: Interviewees stated that individuals sick with AGI
may rely more heavily on retail foods that are easier to digest;
this is corroborated by another study [30].
Recent visit to the land or cabin: Interviewees stated that not
being able to spend time on the land would result in decreased
country food availability and therefore increased reliance on
store food.
Categorical/
ordinal
Mental well-
being costs
Overall life satisfaction (Overall rating of life satisfaction) Season: Rigolet residents’ mental well-being is more vulnerable
in certain seasons [73].
AGI status: Interviewees stated that AGI had a negative impact
on mental well-being.
Recent visit to the land or cabin: Interviewees stated that
spending time on the land was crucial to maintaining mental
well-being; other studies report that decreased subsistence
activity productivity is linked with decreased mental well-being
[22,24].
Categorical/
dichotomous
Social welfare
costs
Sense of belonging within the community (Overall rating of
feelings of belongingness within the community)
Season: Rigolet residents’ mental well-being is more vulnerable
in certain seasons [73]; feelings of community belongingness
likely contribute to residents’ mental well-being.
AGI status: Interviewees stated that AGI decreased individuals’
ability to participate in social activities, which may impact their
sense of community belongingness.
Categorical/
dichotomous
Only asked to participants who reported AGI in the prior 14 days
https://doi.org/10.1371/journal.pone.0196990.t002
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food for a lot of families, it is how they get their proteins, and berries, and things like that
that actually sustain them through the winter months.
Survey participants who had recently visited the land or cabin consumed country meat sig-
nificantly more often (OR = 1.91, p = 0.023), and retail meat significantly less often
(OR = 0.46, p = 0.010), than those who had not recently visited the land or cabin (Table 3).
Additionally, without provisions obtained from subsistence activities, interviewees reported
that they would be forced to purchase expensive retail foods, which could have household-
level economic consequences:
It’s something that not everybody [in Canada] would think about because usually you can
go to the store and get everything you need and it’s not a big deal [in southern Canada], but
Fig 1. An overview of perceived contributors to the indirect costs of AGI as reported by interviewees in Rigolet and Goose Bay, Labrador, Canada.
https://doi.org/10.1371/journal.pone.0196990.g001
Table 3. Results from the univariable logistic regression models (for those variables with p<0.10) based on survey data from Rigolet, Nunatsiavut, Canada.
Predictor Outcome (Indirect Cost) Odds ratio (p-value) 95% Confidence Interval
AGI case status (ref. = No AGI) Number of meals containing retail meat 2.89 (0.012) (1.26, 6.64)
Recent visit to the land or cabin 0.46 (0.044) (0.22, 0.98)
Recent visit to the land or cabin (ref. = No visit) Number of meals containing retail meat 0.46 (0.010) (0.25, 0.83)
Number of meals containing country meat 1.91 (0.023) (1.10, 3.32)
Season (ref. = September) Number of meals containing country meat 19.55 (<0.001) (9.07, 42.10)
Number of meals containing retail meat 10.09 (<0.001) (5.04, 20.22)
Recent visit to the land or cabin 0.41 (<0.001) (0.25, 0.67)
Overall life satisfaction 1.64 (0.018) (1.09, 2.47)
https://doi.org/10.1371/journal.pone.0196990.t003
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that’s not necessarily the case for our small communities where people are very reliant on
hunting.
Interviewees reported that the retail store had limited selection and was extremely expen-
sive. The food obtained from a single hunting trip could “feed [a] family for months,” but one
interviewee described that “money only stretches so far” when purchasing retail foods. One
hunter quantified this impact: “you go kill a goose, you don’t spend the $50 to get a turkey any-
more. You got the goose already, so that’s $50 you save.” Nevertheless, retail food expenses were
not significantly lower for survey participants who had recently visited the land or cabin as
compared to those who had not (p = 0.694).
Lastly, interviewees described that the impacts of missing subsistence activities varied sea-
sonally. As one hunter reported:
[The impact of AGI] Depends on the season, if it’s in the spring and it’s goose hunting
time, you only got a short period of time, you’ve got a month. And then if you miss the
peak time that the birds come through, you’ve lost that part [. . .] So there are big conse-
quences in certain times of the year. Wintertime, not so bad, you have a longer period of
time to get your wood and gather food and partridges [. . .] but in the summertime and
springtime, you don’t have that time.
Interviewees therefore reported that individuals would be less likely to miss subsistence
activities in the spring; however, the survey results showed no significant difference in missing
subsistence activities due to AGI symptoms between seasons (p = 0.701). Nevertheless, certain
seasonal associations were significant within the survey results: visits to the land or cabin
(OR = 0.41, p<0.001) were less common in May compared to September (Table 3). Con-
versely, consumption of both country meat harvested from subsistence activities (OR = 19.54,
p<0.001) and retail meat purchased from the store (OR = 10.09, p<0.001) were significantly
higher in May compared to September (Table 3).
Altered diet: “They would probably just eat bananas, applesauce, whatever, something
that’s not too heavy”. Almost all interviewees described altering their diet when sick with AGI
to reduce symptom severity. Interviewees reported an increased reliance on retail foods, such as
bananas and applesauce, as they were deemed to be easier to digest than country food: “If [you’re]
sick with the stomach flu you might not be able to tolerate so much of the meats and fishes. You
might have to be buying things [. . .] So yes, it could be more expensive.” Survey results indicated that
AGI case status did not significantly alter the number of meals containing country meat (p =
0.584); however, AGI cases were significantly more likely to consume meals with store meat
(OR = 2.89, p = 0.012) (Table 3). Lastly, as one participant stated, many individuals also described
that: “Well I think when most people have the stomach bug, they don’t eat at all. That’s my experience
anyways.” Consequently, one interviewee stated: “If anything, you’re saving money.”
Mental well-being costs: “There is a certain helplessness that sort of goes
with that [AGI]”
Interviewees reported that AGI impacted individuals’ quality of life through decreased mental
well-being: one interviewee described a “stress factor that comes into play” when sick, as “people
begin to worry” about their health and missing paid employment. Another female interviewee
described that even after recovery “you usually [physically] get back to normal, [but] you usually
don’t forget [about the stress].” Many interviewees also reported loneliness associated with
being sick, as “nobody wants to be around you, [AGI] spreads so quickly here.” However, ratings
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of overall life satisfaction did not significantly differ between participants who reported AGI
and those who did not (p = 0.48).
Interviewees reported that spending time on the land “revived [their] spirit” and “restored a
sense of balance.” Subsistence activities were viewed as a crucial component to mental, emo-
tional, and spiritual well-being; limitations on an individual’s ability to spend time on the land
were therefore the most commonly identified mental well-being impact of AGI and resulted in
feelings of sadness and frustration. Moreover, interviewees described the importance of subsis-
tence activities in defining an individual’s self-worth. One key informant explained:
[AGI] can be limiting because you can’t hunt, you aren’t able to provide for your family.
And there is a bit of a feeling of helplessness because people take a great amount of pride in
being able to provide for their families, and if you can’t do that because you’re ill, there is a
certain helplessness that goes with that.
A decrease in country food consumption was also reported to negatively impact individuals’
mental and spiritual well-being. One community health official explained:
You can’t even compare a duck to a chicken, or a goose to a turkey. Because when you eat a
chicken or a turkey, that is something that you buy from the store, but when you go and
gather it yourself and you have that whole experience, and that connection, and you come
back, it’s like you’re feeding your soul, not just your body.
Lastly, overall life satisfaction varied seasonally, and was significantly higher in May as com-
pared to September (OR = 1.64, p = 0.018).
Social welfare costs: “It really does impact peoples’ place in the
community”
Interviewees identified many social welfare costs associated with missed family and commu-
nity activities due to AGI. As one key informant described, when sick with AGI “you can’t
actually partake in some of the things you’d like to partake in because you’re so uncertain as to if
you are going to become symptomatic during an event,” meaning that “you have no social life.”
Interviewees highly valued social activities and therefore missing such activities was considered
a social welfare loss resulting in decreased quality of life. However, the survey results did not
demonstrate a significant association between AGI and overall sense of community belonging-
ness (p = 0.85).
Case-based indirect cost-of-illness study framework
The primary indirect cost contributors discussed by participants were incorporated into a
case-based context-specific study framework in Fig 2. By accounting for each of these compo-
nents, this framework can be used to more accurately evaluate the indirect costs of AGI in
Rigolet.
Discussion
This study provides insights into unique factors that contribute to the indirect costs of AGI
borne by Rigolet residents. The developed cost-of-illness study framework incorporates both
Inuit community perspectives, as well as Western science-based cost-of-illness literature, thus
ensuring that the framework is meaningful for both Indigenous and non-Indigenous decision-
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makers. This framework can be used to generate more accurate estimates of the context-spe-
cific costs of AGI in Rigolet.
Interviewees’ reports of lost productivity due to AGI were reflected in recent research con-
ducted in Rigolet, which found that AGI caused sick individuals to miss an average of 0.21
days of work in a two-week period [24]. Other studies equally corroborate interviewees’
reports that lost wages may also result from a caregiver needing to miss work [5,6,11,24,53]. As
such, both interviewees and previous studies indicated the need to account for the lost produc-
tivity associated with AGI [15,54]. One common method used to quantify these productivity
Fig 2. Suggested case-based indirect cost-of-illness study framework that accounts for all indirect costs of illness
reported by interviewees in Rigolet and Goose Bay, Labrador, Canada.
https://doi.org/10.1371/journal.pone.0196990.g002
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losses is the human capital approach wherein missed paid employment time is valued at the
market value of that individual’s future contribution to production if the individual had con-
tinued to work in full health: each day of missed paid employment is valued at the average
wage lost for an individual in that particular setting [5,6,11,13,55]. However, interviewees
described that the magnitude of the economic consequences associated with missed paid
employment differed according to individual characteristics, in that some might benefit from
sick-leave coverage. Such a consideration is important when investigating individual-level
costs of illness; however, in community- or society-level studies, a cost in the form of lost
wages or lost production is incurred if an employee becomes ill regardless of their sick-leave
coverage status, meaning that such a consideration becomes less important. Nevertheless,
other authors similarly report that in using average wage rates to value lost productivity, stud-
ies overlook factors that influence both wage rates and disease incidence, such as age, sex,
occupation, and education [2,56]. The Dutch cost research guidelines suggest that such factors
should be taken into account by grouping individuals into cohorts and subsequently assigning
cohort-specific average wage rates [2,56,57]. In conducting case-based studies, this strategy
could be employed to more accurately value productivity losses [56].
As substantiated by other studies, interviewees highly valued subsistence activities for their
contributions to food and economic security, and quality of life through physical and mental
well-being [20,25,27,30,58]. One northern Canadian study reported that through subsistence
activities, households can convert each cash dollar into $3.00 of consumer benefit [58], which
could explain why many interviewees described attempting to “suffer” through the symptoms.
Interviewees also highlighted the decreased food availability that may result due to missed
subsistence activities. Inuit populations experience high levels of food insecurity compared to
other Canadian locales; community studies have reported a prevalence of food insecurity
between 50% and 80% in the Canadian North [59–62]. Country foods hold substantial cultural,
nutritional, and social value in these communities, and their consumption is associated with
decreased incidence of many diseases including Type 2 diabetes and cardiovascular diseases
[61–64]. As compared to country foods, nutritious retail foods are higher in price and are often
spoiled due to the long transit time to northern communities [59,62]. In 2008, food costs in
northern Canada were almost twice as high as those in southern Canadian cities, meaning that
even a short-term dependence on retail food in Inuit communities results in large economic
consequences for households [59]. Likewise, dietary surveys show that nutrient adequacy suffers
on days when country foods are not consumed [61]. Consequently, as described by interviewees
and previous studies, even households that are typically food secure may experience transitory
food insecurity due to missed subsistence activities attributed to illness [59,65]. It is interesting
to note that survey participants who had not recently visited the land or cabin consumed more
retail meat and less country meat than those participants who had visited the land or cabin
recently; however, they did not spend significantly more money on retail foods. This may indi-
cate that access to country meats allows residents to spend their money on other retail foods,
such as fruits and vegetables, whereas residents without access must spend a proportion of their
money on meat, thus impacting their nutritional intake [66,67].
Hence, as described by interviewees and other studies, without acknowledging the full
value of subsistence activities, investigators have likely underestimated the indirect costs of ill-
nesses in Indigenous communities [20,68]. To acknowledge this issue, subsistence activities
and the resultant harvested country foods can be valued by calculating edible weight quantities
of country foods and pricing them at the same rate as the nearest equivalent retail food [68–
70]. When valued using this substitution cost method, harvests from subsistence activities rep-
resent a large component of Arctic community income, emphasizing the need to incorporate
such indirect costs into cost-of-illness estimates in these settings [69,70].
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As reflected in another study conducted in Rigolet, almost all interviewees reported increas-
ing their consumption of retail foods when sick with AGI to reduce symptom severity [30].
Due to the high retail food costs, this altered consumption could contribute to increased
household food expenditures. However, some interviewees reported consuming less food and
therefore saving money while sick; therefore, the impact of AGI on food expenditures remains
unclear and requires further research. In the broader literature, very few cost-of-illness studies
consider such altered household expenditures, demonstrating the need for further case-based
studies to capture this information [2].
As reflected in other studies, interviewees reported that subsistence activities are of the
utmost importance for Inuit mental, emotional, and spiritual well-being [1,22,25,30]. This
concurs with other northern Canadian studies, which also found that decreased paid employ-
ment and subsistence activity productivity were linked with poorer physical and mental well-
being outcomes [25,27]. As discussed in a previous study conducted in Rigolet, interviewees’
description of AGI severity in terms of lost productivity rather than symptom severity reflects
the ‘Role Performance Model’, which suggests that defining health is based on one’s ability to
fulfill work and family roles [30,71]. Other studies also reported Inuit individuals describing a
sense of pride and cultural connection associated with country food consumption, thus posi-
tively impacting mental well-being [31,32,61–63]. However, AGI did not significantly alter
survey participants’ overall life satisfaction, suggesting that impacts on mental well-being
impacts may be more short- than long-term in nature.
These mental well-being costs are important to consider as decreased mental well-being
amplifies the negative impacts of physical illnesses on functionality, thus further impacting
quality of life: studies show that the synergistic effect of comorbid decreased mental and physi-
cal well-being results in more productivity losses compared to the sum of individual decreases
in either mental or physical well-being [16,18]. Moreover, Canadian Inuit have existing high
instances of mental health challenges, including higher suicide and addictions levels compared
to non-Inuit Canadians; small fluctuations in mental well-being may therefore have more sub-
stantial impacts on Inuit as compared to other Canadians [72–74]. Given that the human capi-
tal approach typically used to value the indirect costs of illnesses is designed to calculate labour
productivity losses, the majority of cost-of-illness studies do not include the intangible costs
associated with mental well-being [12,17,55]. Researchers have recently begun using Health
Adjusted Life Years (HALYs) to provide a common currency to assess the intangible costs of
illnesses and set priorities for resource allocation [75–78]. Disability Adjusted Life Years
(DALYs) or Disability Adjusted Life Days (DALDs) are an example of HALYs, in which
researchers apply a disease-specific severity weight to the duration of illness, which produces
an estimate of the number of healthy years (DALYs) or days (DALDs) lost by an individual
due to illness [75]. The DALY and DALD severity weight scales account for functional disabil-
ity and pain-and-suffering, thus providing a more comprehensive understanding of the indi-
rect costs of illness [75]. Although controversial due to the reliance on subjective valuations,
DALYs and DALDs can be translated into a more understandable unit by monetizing them
using a specified conversion factor derived from the value of statistical life, which is the value
placed on changes in the likelihood of an individual’s death [75,79]. Additional case-based
studies are needed to determine the value of DALYs and DALDs within specific settings
[77,78].
Interviewees’ reports of the social welfare impact of AGI are reflected by another study con-
ducted in Rigolet, which found that AGI caused sick individuals to miss an average of 0.33
days of usual activities within a 14 day period [24]. Illness can contribute to losses in social wel-
fare and quality of life both directly, as people prefer to be more healthy, and indirectly, by
reducing the enjoyment, ability to participate, or utility associated with the consumption of
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goods and services [80]. Although AGI is a self-limiting illness, the high prevalence of AGI in
Rigolet could alter the impacts of AGI on quality of life as compared to elsewhere in Canada
[30]. Indeed, previous research in Rigolet highlighted the importance of socializing in the
establishment of the highly valued community social networks [30], which is a foundational
value underlying Inuit culture [22,81].
Nevertheless, social welfare costs are seldom incorporated into economic evaluations due to
the difficulties associated with valuing such activities in monetary terms [5,6,11,15]. Some
studies use an opportunity cost approach to value nonmarket activities by using the average
wage rate as a proxy for the value of social time lost [5,6,17,55]. Alternatively, future research
could investigate the potential of incorporating social welfare losses into the DALY weighting
system to value these impacts.
Lastly, interviewees described seasonal variations in the magnitude of specific costs of ill-
ness. These impacts were particularly relevant in relation to missing subsistence activities for
which the consequences were reportedly more substantial in the spring and summer, as com-
pared to the winter, due to the shorter harvesting season. Participants also described that being
sick at particular times during seasons, such as when berries were ripe or when the salmon
were running, would have more considerable associated costs. The survey revealed that
there were fewer visits to the land or cabin in May compared to September, which could be
explained by Inuit using different modes of transportation by season. Additionally, the
increased consumption of both country and retail meat in May compared to September may
be attributed to September being reserved primarily for berry gathering. Other studies simi-
larly reported seasonal fluctuations in household production, activities, and opportunity costs
of time, which translated into variable costs of illnesses [54,82]. Other parameters that influ-
ence costs of illness also fluctuate seasonally, including disease incidence, health-seeking
behaviours, and country food consumption [63,64,82]. For example, Finner (2015) reported
that retail food availability in Rigolet varies seasonally, with less available quantity and variety
of fresh foods in the winter and spring months when the community is accessible only by air,
which could further influence the seasonality of costs of illness [65]. Additionally, Cunsolo
et al. (2013) reported that Rigolet residents’ mental well-being was particularly vulnerable dur-
ing fall freeze-up and spring thaw, which could therefore exacerbate the mental well-being
costs associated with missing subsistence activities during these times [34]. More specifically,
the survey results showed that overall life satisfaction was higher in May as compared to Sep-
tember, which could also affect the magnitude of mental well-being costs at certain times of
year. Nevertheless, few studies examine the effects of such seasonal fluctuations on the cost of
illnesses, thus highlighting the need to carry out cost-of-illness research in all relevant seasons
[82].
Our findings suggest that due to their remote location, reliance on the land for physical and
mental well-being, and unique culture, Rigolet residents bear many substantial indirect costs
of AGI that are not typically experienced in other Canadian non-Indigenous or urban contexts
[25,30,61,63,83,84]. Although the magnitude of these community-level indirect costs is small
when viewed from a national-scale, these costs greatly influence Inuit food security, mental-
wellbeing, social welfare, and overall quality of life, and, in combination with the high burden
of AGI [1], perpetuate existing health inequities [18,83,84]. Using community-level perspec-
tives and Western science-based cost-of-illness literature, a case-based context-specific cost-
of-illness study framework was designed that is meaningful to both Indigenous and non-Indig-
enous policy-makers. This comprehensive framework is intended to be used in community-
level cost-of-illness studies to generate more robust and accurate estimates of the true costs of
AGI in Rigolet. Such estimates could be used by public health decision-makers in order to
make evidence-based health policy and resource allocation decisions in order to rectify these
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inequities [11,20]. For example, findings from this study suggest that transitory food insecurity
due to missed subsistence activities is an issue for the Rigolet community. In order to mitigate
this concern, the NIHB Plan could include funding or discounts for healthy retail food, or
alternatively could coordinate with the community of Rigolet to allow these residents access to
the community freezer. However, community perspectives on the most valuable potential
changes to the NIHB Plan should be sought prior to implementing any changes.
Qualitative case-based studies are designed to provide an in-depth understanding of indi-
viduals’ experiences and perspectives. We gathered extensive data regarding the indirect costs
of AGI in Rigolet from 32 interviewees. Nevertheless, this study had some limitations that
merit mention. Firstly, this study did not attempt to quantify the indirect costs of AGI, but
rather aimed to collect interviewees’ perceptions to identify and characterize these costs.
Future studies can incorporate these insights to generate more robust cost-of-illness estimates.
Secondly, this study was exploratory; it was conducted in one Inuit community that may not
be representative of other Inuit communities meaning that caution should be exercised in gen-
eralizing the results. Future research should explore and compare the indirect costs in Rigolet
to those in other Inuit communities. Thirdly, longitudinal data were not captured; results may
therefore not adequately capture seasonal cost variations. Longitudinal data collection over an
entire year would enable more accurate data analysis. Furthermore, the p-values presented in
this paper should be considered exploratory in nature due to the small quantitative sample size
and power. Nevertheless, the high response rate and no significant differences between demo-
graphics between the survey population and the Canadian census suggest a representative sam-
ple, which is an important achievement as representative samples in Indigenous populations
are often difficult to attain. Fourthly, this study did not assess if costs of illness vary according
to gender or age; future research should examine the influence of such demographic factors on
costs of illness to inform gender- and age-specific health policies and programs. Finally, AGI
cases were self-reported, meaning that recall, interviewer, and misclassification biases are
possible.
Conclusion
This study used a mixed methods design to identify and characterize the indirect costs associ-
ated with AGI in Rigolet, Canada. Although there is a well-developed literature on cost-of-ill-
ness methods and estimates, few studies examine the costs of illness from a setting-specific
perspective or in settings where an acute illness occurs chronically over time in the population,
resulting in studies overlooking many important indirect cost contributors. The findings from
this study emphasize the importance of considering the numerous indirect cost contributors
of AGI in Inuit communities that are perpetuating existing Inuit health inequities, including
the economic impacts of missed paid employment, missed subsistence activities, altered diet,
decreased mental well-being, decreased social welfare, and seasonality. The results were used
to develop a case-based indirect cost-of-illness study framework that accounts for all reported
cost contributors, and could be adapted for other Inuit communities and self-limiting illnesses.
Using this more comprehensive cost-of-illness study framework, public health decision-mak-
ers could obtain a more accurate estimate of the costs of illness within a community, and
develop and prioritize funding, policies, and programs accordingly.
This study presents one approach to guide future case-based studies, offering a micro-level
understanding of the costs of illness in a specific setting. This approach should be extended to
other health research locations to gain a clearer understanding of the various costs of illness in
different settings. Although this study offers important information on the indirect costs of
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illness borne by individuals in Rigolet, future research is needed to quantify these costs and to
understand how these costs compare to those in other settings.
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